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ABSTRACT

The coastal city of Kakinada is a part of river Godavari eastern delta system in Andhra Pradesh.
The area under the study is around 85 km® and it has the coast length of 8 kms along the Bay of
Bengal. Total 164 groundwater samples were collected from 29 dug wells (Depth < 5mts) and 16
filter points (Depth 5 to 7 mts.) during different seasons and analyzed fgr Temp. pH, EC and
major anions (HCO,, Cl, SO,, PO,) and major cations (Ca, Mg, Na, K). The quality of
groundwater is hard to very hard, but it is suitable for irrigation purposes. Based on SAR and
%Na the study area falls under medium hazard of sodium. The comparison of water quality -
parameters with ISI maximum permissible drinking water standards gives an indication that it is
always better to tap groundwater through filter points in the study area, especially for drinking
water purposes. The high value of SO,/CI ratio indicates the impact of fertiliser use in the study
area. The analysis of NO, content in the month of November 99 (Well Nos. 1 to 29) confirms
the high Nitrate content in the study area. The high Nitrate content is not only due to fertiliser use
and it may be also due to high density of septic tanks in the town. The groundwater flow
direction in the study area is towards saltcreek and Bay of Bengal.

1-0  INTRODUCTION

Maintenance of groundwater quality at an acceptable limit is a major requirement for successful
use of a groundwater reservoir. Impervious materials form localized barriers to groundwater
movement and prevent uniform dispersion of water throughout the aquifer. As a result,
considerable variation in groundwater quality under natural conditions can be expected to occur
in the various parts, both spatially and in depth of the groundwater reservoirs. The contamination
due to man has occurred for centuries, but urbanization, industrialization and increase in
population density have greatly aggravated the problem of water quality especially in urban
areas. Therefore, on regional scale, an assessment of groundwater quality through regular
monitoring is very much necessary to identify the contamination levels.
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Gibb et al (1981) and Grisak et al (1978) had explained technical difficulties involved in
‘Representative’ sampling of groundwater in a region. Hirschberg,K.J.B and Appleyard,S.J (1996)
have conducted a baseline survey of non point source groundwater contamination in the Perth
basin, western Australia using SO,/Cl ratio and concluded that agricultural land use is effecting
groundwater quality in some areas of Perth Basin, particularly those areas with intensive agriculture
where there is heavy fertilizer use, and where the water table is shallow. Satyaji Rao et al (1995, 96)
have analyzed groundwater samples collected in Kakinada coastal aquifer and concluded that the
TDS, Cl and Na concentrations are increasing towards the sea coast and TDS, HCO, contents have
exceeded the maximum permissible limits of ISI drinking water standards.

The present analysis of samples collected from the study area may act as a benchmark of
groundwater quality of the coastal aquifer and also the information obtained from the study may
be useful for local people, Municipal, Environmental and Public health departments. Prior to this
study, the information on ground water quality in the Kakinada coastal aquifer mostly limited to
one or two wells, which are being monitored by A.P. State Groundwater Department and
CGWB. Therefore, the present study is expected to provide useful information on regional
groundwater quality.

2.0 STUDY AREA

The coastal city of Kakinada is a part of river Godavari eastern delta system in Andhra Pradesh.
The area under the study is around 85 km® and it has the coast length of 8 kms along the Bay of
Bengal. The study area is located between 82°10N to 82°17 N latitude and 16°55°E to 17°1' E
longitude. The main geology of the area is alluvium. The location map of the study area is shown
in Figure 1. The availability of natural gas in abundance at distance of 60 —70 Km in Krishna—
Godavari basin acts as one of the factors which is fuelling the rapid industrialization and thus
makes more stress on natural resources. B '

3.0 METHOI')OLOGY

To evaluate the overall contamination levels or hydrochemistry of the shallow groundwater in
Kakinada coastal aquifer, total 45 wells have been considered within the area of 85 Km’. Among
which 29 were dug wells (Nos. 1 to 29) and 16 were filter points (Label A to P). Groundwater
samples collected from dug wells are at the depth of 2 to 5 mts and from filter points are at the
depth of 5 mts to 7 mts from the ground level. The depth of the water table is one of the major
factors that may influence the groundwater quality. The sampling survey was conducted in the
month of Feb.97, May 97, Aug.97 and Nov.97. The samples of filter points in the month of
Feb.97 could not be collected. Total 164 groundwater samples have been analyzed for Temp, pH,
EC and major anions (HCO,, Cl, SO,, PO,) and major cations (Ca, Mg, Na, K). These quality
parameters are compared with ISI drinking water standards. All samples were classified
according to Stiff (1951), Pipers (1953) and U.S. Salinity Laboratory classification (Wilcox, L.V,
1955) and observed their seasonal changes. In each well Total Hardness (TH), Sodium
Absorption Ratio (SAR), Percentage of Sodium (%Na) and SO,/CI ratio have been calculated.
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The deviation of SO,/CI ratio from 0.25 indicates the impact of fertilisers use on groundwater
(Hirschberg, K.J.B, 1996). Due to non-availability of Nitrate analysis data in the year 1997, the
data of Nov. 1999 is considered for evaluation purposes. Monthly groundwater levels were also
measured in 29 shallow observation wells (Dug wells) spread in and around Kakinada town. The
groundwater table contour map during the month of April 97 is prepared and approximate flow
direction in the study area was demarcated.

4.0 RESULTS AND DISCUSSIONS

The average results of physical and chemical analysis of samples collected from dug wells and falter
points in the month of Feb.97, May 97, Aug.97 and Nov.97 are given in Table 1. The average
values of TH, SAR, %Na, SO,/CI ratio and NO, in the month of Nov.99 are also given in the Table
1. Satyaji Rao, Y.R et al (1997) had presented the complete analysis of each period. Measurement
of Electrical Conductivity (EC) in observation wells varied considerably even in regional level (312
to 3333 pmho/cm). The variation in EC values may be due to the number of chemical process
controlling EC in groundwater in the region and also the effect of local environment of the well.
The comparison of hydrochemistry of dug wells and filter points is given in the Table 2. The
comparison shows that the quality of groundwater is better in filter points than in dug wells.
Therefore, there is significant vertical variation of groundwater quality in the study area. It is also
observed that most of the people in the study area are tapping groundwater through filter points for
drinking water purposes. The TDS, HCO, and NO, contents have exceeded the ISI permissible
limits in Dug wells. However, these parameters for most of the filterpoints samples in the study
area are within the limits. Further, it is also observed from the Table 2, that the seasonal changes in
water quality parameters are more in dug wells than in filter points.

The Stiff, Piper’s and US Salinity laboratory classifications of “water samples during pre
monsoon (May 97) and post monsoon (Nov.97) periods are given in the Table 3. . The dominant
cation and anion in the study area is Sodium and Bicarbonate respectively. The major
hydrochemical facies in the study area is mixed CaNaHCO, type. The quality of groundwater is
suitable for irrigation purpose (C2-S1, C3-S1 and C4-S1) i.e-medium salinity and medium SAR.
The seasonal changes in water types shows the mixing process in the groundwater. The range of
SAR (0.6 to 7.5) and %Na (19 to 76%) indicates the medium hazard of Sodium in the study area.
According to hardness classification the study area falls under hard to very hard zone (107 to 884
ppm). Consumption of very hard water has impact on human health. The deviation of SO,/CI
ratio from 0.25 indicates that the groundwater has been affected by fertilizer use. The analysis of
Nitrate content in the dug wells during the month of Nov.99 indicates that the high
concentrations are not only due to the affect of fertiliser use, it may also due to high density of
septic tanks in the town. There is no systematic sewage disposable system.in the town. The rapid
urbanization of the tgwn may aggravate the problem of high Nitrate in future. Therefore, it is
necessary to monitor Nitrate concentrations and identify their sources in the study area.

The spatial distribution of groundwater levels in the month of April 97 are plotted and shown in
Fig.2. The range of groundwater table varies between 0.2 mt to 3.8 mts (above MSL) in the
study area. The flow direction in the study area is towards salt creek and Bay of Bengal.
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Table I : Average Ground water quaﬁz_.v parameters in the observation wells during the year 1997

VellNo Temp pH E.C Ca Mg Na K HCOo, cI SO, PO, TDS T.H SAR %Na S0,/CI NO,

.abel e M.mhosicm  ppm  ppm ppm pPpm  ppm  ppm  ppm  ppm ppm  ppm ppm
1 28.25 7.13 16575 1453 58 1288 74 3375 250 1409 188 1062 6013 229 3868 05585 227
2 285 696 B725 6624 185 1163 195 264 1465 7038 109 5593 2415 328 5374 04476 19
3 285 708 29575 1108 709 4088 1963 7155 4675 2213 109 1A95 564 753 6697 04821 208
4 28.25 7.29 1915 1171 495 3163 3175 5778 339 8575 075 1227 4958 614 5002 02463 25
5 29 7.09 1140 8867 239 1175 765 316 118 8438 35 7305 3196 29 5235 07298 100
6 285 7.35 10775 87.38 311 1075 7.7 362 1525 465 081 6903 3462 253 41.29 03638 47
7 2775 7.15 7575 5027 262 825 175 203 65 375 135 4RSS 2514 225 4292 05819 A4
6 28.63 7.39 A5 539 2 71 995 2495 69 47 0B 263G 2211 205 4086 06654 195
9 IBI5 744 W 776406 200 BG /5 M40 3155 AG TS 143 1003 607 46 SB56 01535 19
10 2838 7.29 o5 8544 259 1013 15 465 49 6G75 119 6311 320 244 4216 14786  na
11 285 75 3115 2674 987 225 315 1355 1G5 1913 051 1997 1074 093 3193 1125 na
12 285 7.23 2110 1385 381 350 39 596G 4285 1806 1.6 1545 5025 674 G108 0471 46
13 2913 7.31 17075 806 43 1525 115 3185 202 1125 267 1094 4033 333 5456 05617 133
14 2875 7.2 12125 91.34 349 1375 365 4305 146 69.75 1.9/ 777.3 3718 312 4837 0.4904 82
15 2653 7.22 10925 815 29 1013 46 3605 107 495 295 7003 3229 245 4628 04487 130
16 2825 756 20975 9531 423 2825 1343 792 2265 1155 351 1344 4119 603 6562 05113 77
17 2825 7.33 3137.5 8933 44 4688 1568 816 5565 1009 232 2010 4042 103 7525 01827 31
18 285 725 2745 1982 649 2263 1405 6035 354.5 1751 306 1759 7618 358 4663 05086 284
19 2838 719 2050 2153 843 2975 1063 GGA 422 AIAR 408 1/G3 D44 436 467 10464 GP
20 2825 7.21 1260 87.55 417 B0 705 398 122 51 309 BU76 3903 176 4038 04174 132
21 285 7.19 5625 61.46 259 425 1738 258 36 31.75 1.04 3607 2601 1.11 29.98 09845 101
22 28.75 7.31 20025 1115 494 285 2775 717 250 1075 394 1283 4816 576 5729 04244 263
23 2913 7.4 15762 4936 254 1185 1263 3305 1085 60.63 228 1010 2279 3'05 42.75 06576 136
24 2863 757 695 3764 239 75 415 2395 98 4688 191 4455 1922 236 5365 0501 114
25 2825 7.2 33325 220.2 684 3975 2025 3835 757 1604 314 2136 8311 607 5266 02417 130
26 28.25 7.24 2365 86.08 517 3325 1125 7235 309 1399 301 1516 4277 .7.04 66.85 0.4633 30
27 2875 7.1 15625 78.13 397 2138 79.75 4685 2305 127 475 1002 3585 52 62.75 05557 66
28 2875 7.11 1215 8541 301 975 345 1815 170 9638 543 778.6 3369 229 43.66 05672 345
29 2863 7.24 51626 5217 246 21 6375 2095 37 2463 386 3309 2315 06 1875 06392 68
A 26.83 7.62 12946 101 69.7 1333 5667 296 204 1568 1.25 B30.3 5392 252 3575 07863 na
B 2747 7147 9293 60.67 304 88.33 2467 2407 8533 715 248 5958 2765 231 4468 0.8422 na
c 26,83 6.91 10403 68.67 275 98.33 1467 2307 136 45 2 667 2845 254 438 03417 na
D 2683 7.28 15816 7546 S0.3 2767 27.33 3393 261.3 1375 7.23 1014 3953 609 6183 05312 na
E 2683 766 662 4424 247 B667 2167 2553 4667 635 187 4243 2122 258 5011 13731 na
F 27 737 825 573 366 3533 37 326 52 29 077 5202 249\G 094 2013 0.7847  na
G 2717 7.39 2200 694 656 5583 77 6A0 694.7 1543 249 1412 4433 116 7484 02259  na
H 26.03 7.45 23833 8041 556 625 2567 6647 BO13 1435 381 1529 4294 131 7628 01813 na
| 2715 722 1450 1066 51.2 2583 57 382 3627 1235 373 9302 4768 515 5714 03456  na
J 2683 7.32 13943 101 478 1617 75 394 188 1015 341 B9Y43 4494 333 4997 05452 na
K 26.83 7.27 11666 726 465 2767 36 490 260 79.17 183 7483 3725 62 6313 03281 na
L 2683 7.13 5916 50.18 165 55 8333 1887 54 455 15 3795 1933 1.7 3909 08408 na
M 2643 753 513 4758 21.2 41 1067 2147 3467 25 139 3289 2059 124 3051 07396 na
N 26683 699 5066 3082 136 A3 56 178 70.67 17 12 325 133 332 5915 02231  na
0 2683 7.43 8516 46 155 125 5433 2573 112 135 749 546 1788 411 6036 0113 na
P 2683 75 1186 B0.07 381 155 4667 352 188 S1 227 7605 3569 361 4855 02782 na

NO, = concenlrations are in the month of Nov. 1999

na « data not avaialable
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Table No 2.

Month Temp.
&

Type of

Well °C

pH

EC

TDS

( £ moh/cm)

Average values in ppm

TH Ca®

Mg

Na'

K

HCO5

Ccr

80,7

Comparison of Hydrochemical analysis of groundwater samples collected from Dug wells
and Filter points during the year 1997

PO,"

Dug
Wells  26.8
(29 Nos.)

7.3

1639

1049

376

90

37

173

62

May 97

&

Dug

Wells 306
(29 Nos.)

Filter
points 24.5
(16 Nos.)

7.2

73

1693

1117

1083

715

357

343

87

76

34

37

182

202

52

30

369

216

226

89

77

0.9

Aug. 97

&

Dug

Wells 29.5
(29 Nos.)

Filter
points  29.3
(16 Nos.)

7.3

1567

1203

1005

772

440

i1l

112

63

39

37

198

205

49

22

465

354

249

216

102

71

44

4.1

Nov. 97

&

Dug

Wells:  27.0
(29 Nos.)

Filter
points 27.0
(16 Nos.)

7.3

7.2

1430

1163

918

746

432

329

96

66

47

40

186

166

73

29

395

299

239

224

105

82

1.0

34
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Table. 3 Classification of Groundwater Samples in the Study Area

Well No.&
Label

0w o ~N O N B W N -

RO ORN RN N R = o A s oa
O N A WKN = 0 0o~ O N = O

10z rFrxce—TOmmooom>» BEY

Location
Sarpavaram

Balaji Nagar
Valasapakala
Vakalpudi
Ramanayya Peta
R.R. Nagar
Madhav Nagar
Nagamallithota
Godarigunta
Sambamurthy Nagar
Shanti Nagar
Perraju Peta
Kondayya Palem
Gandhi Nagar
Rama Rao Peta
Surya Rao Peta
Suryanarayana Prm
Budam Peta
Temple Street
Frazer Peta

Pratap Nagar
Jagannadha Puram
Gogudanayya Peta
M.S.N.Charties
Turangi
Paradesamma Peta
Indra Palem
Chidiga

Madhura Nagar
Madhura Nagar
Gandhi Nagar
Indra Palem
Suryarao Peta
M.S.N.Charties
Jagannadha Puram
Suryanarayana Prm
Sambamurthy Nagar
Bhanugudi

Town Rly.Station
Godarigunta
Sarpavaram
Nagamallithota
Balaji Nagar
Vakalpudi

R.R. Nagar

Stiff Classification
May-97 Nov-97
CaHCO;, NaHCO,*
NaHCO, NaHCO;
NaHCO, NaHCO,
NaHCO, NaHCO;
NaHCO, NaHCO,
CaHCO; NaHCO;"
CaHCO, NaHCO,*
NaHCO, NaHCO4
NaHCO, NaHCO;
NaHCO, CaHCO,"
NaHCO, NaHCO,
NaHCO; NaHCO,
NaHCO; NaHCO,
NaHCO; NaHCO,
NaHCO, NaHCO;,
NaHCO, NaHCO,
NaHCO, NaHCO;
NaHCO, NaHCO,
NaHCO, NacCI*
NaHCO; CaHCOy*
CaHCO, CaHCO,
NaHCO, NaHCO,
NaHCO; CaHCO,*
NaHCO, NaHCO,

NaCl NacCl
NaHCO, NaHCO,
NaHCO, NaHCO,
NaHCO, NaHCO,
CaHCO, NaHCO,*
NaHCO; NaHCO,
NaHCO, NaHCO,
CaHCO, NaHCO,*
NaHCO;,3 NaHCO,
NaHCO, NaHCO,
CaHCO, NaHCO;*

NaCl NaCl
NaCl NaCl
NaCl NaHCO,*

NaHCO, NaHCO,
NaHCO, NaHCO,
NaHCO, NaHCO,
CaHCO, CaHCO,
NaHCO, NaHCO,
NaHCO, NaHCO;
NaHCO, NaHCO,

Piper Classification U.S.Salinity Lab Classification

May-97
]
1
1l
]
il
|
|
i
Il
1

i
1l

* = Change in Classification from pre monsoon to post monsoon period
1=Ca(HCO), Il =NaCl

Il = Mixed CaNaHCO;

Nov-37

I

"

I

1M

i
=
m*
1l
1"

"

-
i
1
n
i
*

il

A

e
I

May-97
C3-51
C3-51
c4-51
€3-51
c3-81
C3-81
c2-81
c2-81
c3-81
C3-81
c2-81
C4-81
c3-s1
c3-81
c3-81
C4-81
c4-52
c4-82
C4-81
C3-81
C2-81
C3-81
c3-81
c2-81
c4-S1
C4-S1
C3-51
©3-81
c2-51
C3-S1
c3-s1
C3-81
c3-s1
c3-81
c3-81
C3-82
C3-S2
C3-81
C3-81
c3-s1
c2-81
c2-81
C2-51
c3-s1
c3-s1

Nov-87
C3-51
C3-31
C4-S1
C3-S1
C3-51
C2-81°
C3-S1~
C2-51
C3-51
C2-81*
C2-51
c3-s1°
C3-81
C3-81
C3-81
C3-81*
C4-81°
C4-s1*
C4-51
C3-51
C2-51
C3-81

- c2-s1*

c3-s1*
C4-51
C3-51°
C3-81
C3-81
C2-51
C3-51
C3-51
C3-81
C3-81
cz2-s1"
Cc2-81°
C4-527
C4-52°
C3-51
C3-51
c2-s1*
C2-81
C2-81
C3-81°
C3-51
C3-81
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Fig. 2 : Groundwater Level Contours (Above MSL in Mts) in the Month of April 1997
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5.0 CONCLUSIONS

Total 164 groundwater samples were collected in four surveys during the months of Feb.97, May
97, Aug. 97 and Nov. 97 respectively. These samples were analysed for their physical and
chemical parameters. The dominant cation and anion in the study area are Sodium and
Bicarbonate respectively. Based on SAR and %Na values the study area falls under medium
hazard of sodium. The range of total hardness indicates that the groundwater quality is under
hard to very hard zone. The comparison of water quality parameters with ISI maximum
permissible drinking water standards gives an indication that it is always advisable to tap
groundwater through filter points in the study area, especially for drinking water purposes. The
high values of SO,/Cl ratio indicate the impact of fertiliser use on groundwater in the study area.
Detailed investigations are necessary to study the groundwater quality variations at different
depths and sources of high Nitrate concentrations in the shallow aquifer. The groundwater flow
direction is towards saltcreek and Bay of Bengal.
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